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Abstract
The significance of discovering the boson of 750 GeV is beyond finding a single heavy boson,
because it may hint the location of the scale for new physics beyond the standard model which
is the target of long-time exploration. There have been many models to explain the diphoton
excess observed by the ATLAS and CMS collaborations and the BLMSSM is one of them. The
BLMSSM is an extension of the minimal supersymmetric model where baryon and lepton numbers
are local gauge symmetries. We analyze the decay channels Φ → gg, Φ → γγ, Φ → Zγ, and
Φ → t¯t, V V (V = Z, W ) with the mass of the CP-odd scalar Φ = A0
B
being around 750 GeV in
this model. Within a certain parameter space, the scenario can account for the experimental data
on the diphoton excess.
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I. INTRODUCTION
A new resonance with its mass around 750 GeV has been observed at the LHC at
a center of mass energy of 13 TeV through the process pp → Φ → γγ [1, 2]. If this
observation is confirmed by subsequent experiments, the excess certainly manifests a signal
of new physics beyond the standard model (BSM) and would be a milestone for high energy
physics. Even though the standard model (SM) is very successful and almost all of its
predictions are consistent with the standing experimental data, it is known that the SM is
an effective theory of some underlying principles. So far nobody knows what the underlying
principle is and a more bothersome situation is that there was not any hint about where the
scale for the new physics should be. Therefore, besides looking for the SM Higgs which is
the base of our SM, the second target of LHC is to search for new physics. The first target
was fulfilled and the 125 GeV SM Higgs was discovered, thus the attentions of all physicists
are turned to look for new physics, at least we need to determine the scale of new physics
which would provide valuable information for building next generation of accelerators.
There have been many models beyond the SM and most of them possess a scalar or
pseudoscalar boson(s) which may stand as the 750 GeV observed at LHC and be responsible
for the diphoton excess. For example, in Refs. [3–7], a scalar particle with mΦ = 750 GeV is
introduced which may decay into two photons as Φ → 2γ. Alternatively, in the framework
of a minimal UV-complete model with a massive singlet pseudoscalar state, this diphoton
excess is discussed [8]. Several models containing exotic fermions (a single vector-like quark
with charge 2/3e, a doublet of vector-like quarks, a vector-like generation including leptons)
are considered, and theses particles can contribute to the Φ→ 2γ [9]. With the supposition
that vector-like quarks or leptons strongly couple to the heavy Higgs and photons or gluons
in those new models, the diphoton resonance at a mass of 750 GeV [10] can be explained.
Possible relations between the newly observed resonance and the dark matter are analyzed
in the works of [11, 12]. There are also other works [13–41] which also research the diphoton
excess reported by the the CMS and ATLAS collaborations. Up to now, there can be found
hundreds of papers about it in arXix.
As the simplest soft broken supersymmetry theory, the minimal supersymmetric extension
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of the standard model (MSSM) [42, 43] has drawn quite attention of physicists for a long
time. Furthermore, the matter-antimatter asymmetry in the universe requires that the
baryon number (B) must be broken. Meanwhile, the lepton number should also be broken
and as is well understood, existence of heavy Majorana neutrino(s) determines tiny neutrino
masses via the seesaw mechanism [44–48] and also naturally explains the lepton number
(L) violation. Gauging baryon and leptons actually provides a natural framework for the
seesaw mechanism in the lepton sector, and the Peccei-Quinn mechanism solving the strong
CP problem in the quark sector [49]. When the local B and L gauge symmetries are broken
around TeV scale, one does not need a ‘desert region’ between the weak and GUT scales
to adequately suppress the contribution of dimension 6 B-violating operators to proton
decay [50]. Note that gauging B-L symmetry does not address this issue since dimension 6
operators mentioned above are B-L invariant [51]. Furthermore the simplest supersymmetric
model with local U(1)B−L proposed in Refs. [52–55] cannot account for LHC experimental
data of the 750 GeV resonance self-consistently unless we incorporate brand new matter
superfields [30]. The authors of Refs. [56, 57] extended the MSSM by introducing two extra
U(1) gauge symmetries which correspond to baryon number B and lepton number L as the
BLMSSM, then in the new theoretical framework they investigated decays of the SM-like
CP-even Higgs. Since the newly introduced quarks in BLMSSM are vector-like, their masses
can be well above 500 GeV without assuming a large coupling to the Higgs doublets in this
model. Therefore, there does not exist a Landau pole for the Yukawa coupling [49–51].
Additionally, the authors of Refs. [50, 58–66] have done some studies in possible extension
schemes of the SM where U(1)
B
and U(1)
L
are spontaneously broken around TeV scale.
In this work, we explore the possibilities that the 750 GeV diphoton event originates
from decays of the CP-even scalars h0
B
, H0
B
and/or the CP-odd scalar A0
B
which are induced
by spontaneously breaking the local U(1)
B
symmetry. These bosons are different from
the CP-even Higgs H0 and CP-odd Higgs A0 which belongs to the SU(2) doublet before
spontaneously breaking. Furthermore, since h0
B
, H0
B
and A0
B
do not directly couple to the
SM particles, so that their decays into SM particles can only be realized via loops which
are suppressed by both the small couplings and the heavy intermediate agents (fermions or
bosons). In order to fit the well determined experimental data of the 125 GeV Higgs [67–69],
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we set the Yukawa coupling between the SM-like Higgs and exotic quarks into a suitable
range, and assume the Yukawa coupling between Higgs and exotic leptons to be negligible.
Our numerical result indicates that with a plausible parameter space, the CP-odd scalar
A0
B
in this model can naturally account for the experimental data on the 750 GeV excess
measured by the ATLAS and CMS collaborations.
Our work is organized as follows. In section II, we briefly summarize the main ingredients
of the BLMSSM, then present the mass squared matrices for the neutral scalar sectors
and the mass matrices for exotic quarks, respectively. We discuss the decay widths for
Φ → γγ, V V (V = Z, W, Φ = h0
B
, H0
B
, A0
B
) in section III. The numerical analyses are
given in section IV, and eventually our summaries are made in the last section V. Some
formulae are collected in Appendixes A-C.
II. A SUPERSYMMETRIC EXTENSION OF THE SM WITH B AND L BEING
LOCAL GAUGE SYMMETRIES
When B and L are local gauge symmetries, one can enlarge the local gauge group of
the SM to SU(3)
C
⊗ SU(2)
L
⊗ U(1)
Y
⊗ U(1)
B
⊗ U(1)
L
. In the supersymmetric extension
of the SM proposed in Refs. [56, 57], the exotic superfields include the new quarks Qˆ4 ∼
(3, 2, 1/6, B4 , 0), Uˆ
c
4
∼ (3¯, 1, −2/3, −B4 , 0), Dˆc4 ∼ (3¯, 1, 1/3, −B4 , 0), Qˆc5 ∼
(3¯, 2, −1/6, −(1+B4), 0), Uˆ5 ∼ (3, 1, 2/3, 1+B4 , 0), Dˆ5 ∼ (3, 1, −1/3, 1+B4 , 0), and
the new leptons Lˆ4 ∼ (1, 2, −1/2, 0, L4), Eˆc4 ∼ (1, 1, 1, 0, −L4), Nˆ c4 ∼ (1, 1, 0, 0, −L4),
Lˆc
5
∼ (1, 2, 1/2, 0, −(3 + L4)), Eˆ5 ∼ (1, 1, −1, 0, 3 + L4), Nˆ5 ∼ (1, 1, 0, 0, 3 + L4) to
cancel the B and L anomalies. The ‘brand new’ Higgs superfields Φˆ
B
∼ (1, 1, 0, 1, 0) and
ϕˆ
B
∼ (1, 1, 0, −1, 0) acquire nonzero vacuum expectation values (VEVs) to break baryon
number symmetry spontaneously. Meanwhile, nonzero VEVs of Φˆ
B
and ϕˆ
B
also induce
large masses for the exotic quarks. In addition, the superfields Sˆ
L
∼ (1, 1, 0, 0, −2),
ˆ¯S
L
∼ (1, 1, 0, 0, 2), Φˆ
L
∼ (1, 1, 0, 0, −3) and ϕˆ
L
∼ (1, 1, 0, 0, 3) acquire nonzero
VEVs to break lepton number symmetry spontaneously. In addition, the VEVs of scalar
components of Φˆ
L
and ϕˆ
L
induce the TeV masses for 4th- and 5th-generation leptons, and
the VEVs of scalar components of Sˆ
L
and ˆ¯S
L
produce the seesaw mechanism to result in tiny
4
neutrino masses. In order to avoid stability for the exotic quarks, the model also includes
the superfields Xˆ ∼ (1, 1, 0, 2/3 + B
4
, 0) and Xˆ ′ ∼ (1, 1, 0, −(2/3 + B
4
), 0). Actually,
the lightest one can stand as a dark matter candidate. The superpotential of the model is
written as
W
BLMSSM
=W
MSSM
+W
B
+W
L
+W
X
, (1)
where W
MSSM
is the superpotential of the MSSM, and
W
B
= λ
Q
Qˆ
4
Qˆc
5
Φˆ
B
+ λ
U
Uˆ c
4
Uˆ
5
ϕˆ
B
+ λ
D
Dˆc
4
Dˆ
5
ϕˆ
B
+ µ
B
Φˆ
B
ϕˆ
B
+Yu4Qˆ4HˆuUˆ
c
4
+ Y
d4
Qˆ4HˆdDˆ
c
4
+ Yu5Qˆ
c
5
Hˆ
d
Uˆ5 + Yd5 Qˆ
c
5
HˆuDˆ5 ,
W
L
= λ
L
Lˆ4Lˆ
c
5
ϕˆ
L
+ λ
E
Eˆc
4
Eˆ5ΦˆL + λN Nˆ
c
4
Nˆ5ΦˆL + µLΦˆLϕˆL
+Ye4 Lˆ4HˆdEˆ
c
4
+ Yν4 Lˆ4HˆuNˆ
c
4
+ Ye5 Lˆ
c
5
HˆuEˆ5 + Yν5 Lˆ
c
5
Hˆ
d
Nˆ5
+Y
ν
LˆHˆ
u
Nˆ c + λ
Nc
Nˆ cNˆ cSˆ
L
+ µ
S
Sˆ
L
ˆ¯S
L
,
W
X
= λ1QˆQˆ
c
5
Xˆ + λ2Uˆ
cUˆ5Xˆ
′ + λ3Dˆ
cDˆ5Xˆ
′ + µ
X
XˆXˆ ′ . (2)
In the superpotential given above, the exotic quarks obtain TeV scale masses after Φ
B
, ϕ
B
acquire nonzero VEVs. Correspondingly, the soft breaking terms are generally given as
L
soft
= LMSSM
soft
− (m2
N˜c
)
IJ
N˜ c∗I N˜
c
J −m2
Q˜4
Q˜†
4
Q˜4 −m2
U˜4
U˜ c∗
4
U˜ c
4
−m2
D˜4
D˜c∗
4
D˜c
4
−m2
Q˜5
Q˜c†
5
Q˜c
5
−m2
U˜5
U˜∗
5
U˜
5
−m2
D˜5
D˜∗
5
D˜
5
−m2
L˜4
L˜†
4
L˜
4
−m2
ν˜4
ν˜c∗
4
ν˜c
4
−m2
E˜4
e˜c∗
4
e˜c
4
−m2
L˜5
L˜c†
5
L˜c
5
−m2
ν˜5
ν˜∗
5
ν˜5 −m2
E˜5
e˜∗
5
e˜5 −m2Φ
B
Φ∗
B
Φ
B
−m2
ϕ
B
ϕ∗
B
ϕ
B
−m2
Φ
L
Φ∗
L
Φ
L
−m2
ϕ
L
ϕ∗
L
ϕ
L
−
(
m
B
λ
B
λ
B
+m
L
λ
L
λ
L
+ h.c.
)
+
{
Au4Yu4Q˜4HuU˜
c
4
+ A
d4
Y
d4
Q˜4HdD˜
c
4
+ Au5Yu5Q˜
c
5
H
d
U˜5 + Ad5Yd5 Q˜
c
5
HuD˜5
+A
BQ
λ
Q
Q˜
4
Q˜c
5
Φ
B
+ A
BU
λ
U
U˜ c
4
U˜
5
ϕ
B
+ A
BD
λ
D
D˜c
4
D˜
5
ϕ
B
+B
B
µ
B
Φ
B
ϕ
B
+ h.c.
}
+
{
Ae4Ye4 L˜4HdE˜
c
4
+ A
N4
Y
N4
L˜4HuN˜
c
4
+ Ae5Ye5 L˜
c
5
HuE˜5 + AN5Yν5 L˜
c
5
H
d
N˜5
+A
N
Y
N
L˜HuN˜
c + A
LL
λ
L
L˜4L˜
c
5
ϕ
L
+ A
LE
λ
E
E˜c
4
E˜5ΦL + ALNλN N˜
c
4
N˜5ΦL
+B
L
µ
L
Φ
L
ϕ
L
+ A
Nc
λ
Nc
N˜ cN˜ cS
L
+B
S
µ
S
S
L
S¯
L
+ h.c.
}
+
{
A1λ1Q˜Q˜
c
5
X + A2λ2U˜
cU˜
5
X ′ + A3λ3D˜
cD˜
5
X ′ +B
X
µ
X
XX ′ + h.c.
}
, (3)
where LMSSM
soft
is the soft breaking terms for the MSSM, λB, λL are gauginos of U(1)B and
U(1)
L
, respectively. After the SU(2)L doubletsHu , Hd and SU(2)L singlets ΦB , ϕB , ΦL , ϕL
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acquire nonzero VEVs: υu , υd, υB , υB , and υL, υL , then we have
Hu =

 H+u
1√
2
(
υu +H
0
u
+ iP 0
u
)

 ,
H
d
=

 1√2
(
υ
d
+H0
d
+ iP 0
d
)
H−
d

 ,
Φ
B
=
1√
2
(
υ
B
+ Φ0
B
+ iP 0
B
)
,
ϕ
B
=
1√
2
(
υ
B
+ ϕ0
B
+ iP
0
B
)
,
Φ
L
=
1√
2
(
υ
L
+ Φ0
L
+ iP 0
L
)
,
ϕ
L
=
1√
2
(
υ
L
+ ϕ0
L
+ iP
0
L
)
, (4)
and the local gauge symmetry SU(2)
L
⊗ U(1)
Y
⊗ U(1)
B
⊗ U(1)
L
is broken down to the
electromagnetic symmetry U(1)em, where
G± = cos βH±
d
+ sin βH±
u
, (5)
denotes the charged Goldstone boson, and
G0 = cos βP 0
d
+ sin βP 0
u
,
G0
B
= cos β
B
P 0
B
+ sin β
B
P
0
B
,
G0
L
= cos β
L
P 0
L
+ sin β
L
P
0
L
, (6)
denote the neutral Goldstone bosons, respectively. Here tan β = υu/υd, tan βB = υB/υB
and tanβ
L
= υ
L
/υ
L
. Correspondingly, the physical neutral pseudoscalar fields are
A0 = − sin βP 0
d
+ cos βP 0
u
,
A0
B
= − sin β
B
P 0
B
+ cos β
B
P
0
B
,
A0
L
= − sin β
L
P 0
L
+ cos β
L
P
0
L
. (7)
At the tree level, the masses for those particles are respectively formulated as
m2
A0
=
Bµ
cos β sin β
,
6
m2
A0
B
=
B
B
µ
B
cos β
B
sin β
B
,
m2
A0
L
=
B
L
µ
L
cos β
L
sin β
L
. (8)
Meanwhile the charged Higgs is
H± = − sin βH±
d
+ cos βH±
u
, (9)
with the tree level mass square
m2
H±
= m2
A0
+m2
W
. (10)
In the two Higgs doublet sector, the mass square matrix of neutral CP-even Higgs is diago-
nalized by a rotation 
 H0
h0

 =

 cosα sinα
− sinα cosα



 H0d
H0
u

 , (11)
where h0 is the lightest neutral CP-even Higgs.
In the basis (Φ0
B
, ϕ0
B
), the mass square matrix is
M2
EB
=


m2
ZB
cos2 β
B
+m2
A0
B
sin2 β
B
, (m2
ZB
+m2
A0
B
) cos β
B
sin β
B
(m2
ZB
+m2
A0
B
) cosβ
B
sin β
B
, m2
ZB
sin2 β
B
+m2
A0
B
cos2 β
B

 , (12)
where m2
ZB
= g2
B
(υ2
B
+ υ2
B
) is mass square of the neutral U(1)
B
gauge boson Z
B
. Defining
the mixing angle α
B
through
tan 2α
B
=
m2
ZB
+m2
A0
B
m2
ZB
−m2
A0
B
tan 2β
B
, (13)
we obtain two mass eigenstates as
 H0B
h0
B

 =

 cosαB sinαB
− sinα
B
cosα
B



 Φ0B
ϕ0
B

 . (14)
Similarly the mass square matrix for (Φ0
L
, ϕ0
L
) is written as
M2
EL
=


m2
ZL
cos2 β
L
+m2
A0
L
sin2 β
L
, (m2
ZL
+m2
A0
L
) cos β
L
sin β
L
(m2
ZL
+m2
A0
L
) cos β
L
sin β
L
, m2
ZL
sin2 β
L
+m2
A0
L
cos2 β
L

 , (15)
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with m2
ZL
= 4g2
L
(υ2
L
+ υ2
L
) denoting mass square of the neutral U(1)
L
gauge boson Z
L
. We
can obtain two mass eigenstates as
 H0L
h0
L

 =

 cosαL sinαL
− sinα
L
cosα
L



 Φ0L
ϕ0
L

 . (16)
The mass matrix for the exotic quarks of charge 2/3 which are four-component Dirac
spinors is
−Lmass
t′
=
(
t¯′
4R
, t¯′
5R
) 1√2λQυB , − 1√2Yu5υd
− 1√
2
Y
u4
υ
u
, 1√
2
λ
U
υ
B



 t′4L
t′
5L

+ h.c. (17)
Performing unitary transformations Ut and Wt
 t4L
t
5L

 = U †
t
·

 t′4L
t′
5L

 ,

 t4R
t
5R

 =W †
t
·

 t′4R
t′
5R

 , (18)
we diagonalize the mass matrix for the vector quarks of charge 2/3:
W †
t
·

 1√2λQυB , − 1√2Yu5υd
− 1√
2
Yu4υu ,
1√
2
λ
U
υ
B

 · Ut = diag(mt4 , mt5
)
. (19)
Similarly we write the mass matrix for the exotic quarks of charge −1/3 as
−Lmass
b′
=
(
b¯′
4R
, b¯′
5R
) − 1√2λQυB , − 1√2Yd5υu
− 1√
2
Y
d4
υ
d
, 1√
2
λ
D
υ
B



 b′4L
b′
5L

+ h.c. (20)
Adopting unitary transformations
 b4L
b
5L

 = U †
b
·

 b′4L
b′
5L

 ,

 b4R
b
5R

 = W †
b
·

 b′4R
b′
5R

 , (21)
one can diagonalize the mass matrix for the vector quarks of charge −1/3 as
W †
b
·

 − 1√2λQυB , − 1√2Yd5υu
− 1√
2
Y
d4
υ
d
, 1√
2
λ
D
υ
B

 · Ub = diag(mb4 , mb5
)
. (22)
Using the superpotential in Eq. (1) and introducing the soft breaking terms, we write the
mass square matrices for the exotic scalar quarks as
−Lmass
E˜Q
= t˜′† · M2t˜′ · t˜′ + b˜′† ·M2b˜′ · b˜′ (23)
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with t˜′T = (Q˜1
4
, U˜ c∗
4
, Q˜2c∗
5
, U˜
5
), b˜′T = (Q˜2
4
, D˜c∗
4
, Q˜1c∗
5
, D˜∗
5
). The concrete expressions for
the 4× 4 mass square matricesM2
t˜′
, M2
b˜′
, and the couplings between the neutral Higgs and
exotic scalar quarks are collected elsewhere [61], the couplings between heavy neutral Higgs
and exotic quarks can also be found there.
The mass matrix for exotic neutrinos which are four-component spinors, is
−Lmass
ν′
=
(
ν¯ ′
4R
, ν¯ ′
5R
) 1√2λLυL, − 1√2Yν5υd
− 1√
2
Yν4υu ,
1√
2
λ
N
υ
L



 ν ′4L
ν ′
5L

+ h.c. (24)
Similarly the mass matrix for exotic charged leptons is
−Lmass
e′
=
(
e¯′
4R
, e¯′
5R
) − 1√2λLυL, − 1√2Ye5υu
− 1√
2
Ye4υd,
1√
2
λ
E
υ
L



 e′4L
e′
5L

+ h.c. (25)
Including those ‘new’ particles mentioned above, the evaluations of gauge couplings are
described by the renormalization group equations (RGEs) [70, 71]
dg
i
dt
=
1
2
βg
i
, (i = 1, 2, 3),
dg
B
dt
=
1
2
βg
B
,
dg
L
dt
=
1
2
βg
L
, (26)
where t = lnQ2. Adopting the step approximation in contributions from new particles to
the β functions [72], we then find
βg3 = −
g3
3
16pi2
{(
11− 10
3
− 2
3
θt
)
− 1
3
5∑
α=4
(
2θ
Qα
+ θ
Uα
+ θ
Dα
)
− 2θ
g˜
− 1
24
5∑
i=1
(
2θ
Q˜i
+ θ
U˜i
+ θ
D˜i
)}
,
βg2 = −
g3
2
16pi2
{(22
3
− 3− θt
)
− 1
3
θ
A0
− 4
3
θ
W˜
− 2
3
θ
H˜
− 1
3
5∑
α=4
(
θ
Lα
+ 3θ
Qα
)
− 1
24
5∑
i=1
(
θ
L˜i
+ 3θ
Q˜i
)}
,
βg1 =
g3
1
16pi2
{(51
9
+ θt
)
+
1
3
θ
A0
+
2
3
θ
H˜
+
4
3
5∑
α=4
(1
4
θ
Lα
+
1
2
θ
Eα
+
1
12
θ
Qα
+
2
3
θ
Uα
+
1
6
θ
Dα
)
+
1
6
5∑
i=1
(1
4
θ
L˜i
+
1
2
θ
E˜i
+
1
12
θ
Q˜i
+
2
3
θ
U˜i
+
1
6
θ
D˜i
)}
,
βg
B
=
g3
B
16pi2
{(
2 +
2
3
θt
)
+
1
36
3∑
i=1
(
2θ
Q˜i
+ θ
U˜i
+ θ
D˜i
)
+
1
3
(
2θ
Φ˜B
+ 2θ
φ˜B
9
+
1
4
θ
ΦB
+
1
4
θ
φB
)
+ (
1
3
+
B4
2
)2
(
2θ
X˜
+ 2θ
X˜′
+
1
4
θ
X
+
1
4
θ
X′
)
+B2
4
(
4θ
Q4
+ 2θ
U4
+ 2θ
D4
+
1
2
θ
Q˜4
+
1
4
θ
U˜4
+
1
4
θ
D˜4
)
+(1 +B4)
2
(
4θ
Q5
+ 2θ
U5
+ 2θ
D5
+
1
2
θ
Q˜5
+
1
4
θ
U˜5
+
1
4
θ
D˜5
)}
,
βg
L
=
g3
L
16pi2
{
6 +
2
3
3∑
i=1
θ
Ni
+
1
12
3∑
i=1
(
2θ
L˜i
+ θ
E˜i
+ θ
N˜i
)
+
4
3
(
2θ
S˜L
+ 2θ
˜¯SL
+
1
4
θ
SL
+
1
4
θ
S¯L
)
+ 3
(
2θ
Φ˜L
+ 2θ
φ˜L
+
1
4
θ
ΦL
+
1
4
θ
φL
)
+
L2
4
3
(
4θ
L4
+ 2θ
N4
+ 2θ
E4
+
1
2
θ
L˜4
+
1
4
θ
N˜4
+
1
4
θ
E˜4
)
+
(1 + L4)
2
3
(
4θ
L5
+ 2θ
N5
+ 2θ
E5
+
1
2
θ
L˜5
+
1
4
θ
N˜5
+
1
4
θ
E˜5
)}
, (27)
with
θa = θ(ln
Q2
m2
a
) =


1 forQ > ma ,
0 forQ ≤ ma .
(28)
To simplify our discussion below, we assume new particles with masses of roughly same
order Λ
NP
. Using the evolution equations in Eq. (26), we obtain the effective couplings for
α
i
(i = 3, , 2, 1) as
α3(Λ) =


α3 (mZ )
1+ 23
3
α3 (mZ
)
4pi
ln Λ
2
m2
Z
, m
Z
< Λ ≤ mt
α3 (mt )
1+7
α3 (mt )
4pi
ln Λ
2
m2
t
, mt < Λ ≤ ΛNP
α3 (ΛNP )
1+ 3
2
α3(ΛNP
)
4pi
ln Λ
2
Λ2
NP
, Λ > Λ
NP
,
α2(Λ) =


α2 (mZ )
1+ 13
3
α2 (mZ
)
4pi
ln Λ
2
m2
Z
, m
Z
< Λ ≤ mt
α2 (mt )
1+ 10
3
α2 (mt )
4pi
ln Λ
2
m2
t
, mt < Λ ≤ ΛNP
α2 (ΛNP )
1− 5
2
α2(ΛNP
)
4pi
ln Λ
2
Λ2
NP
, Λ > Λ
NP
,
α1(Λ) =


α1 (mZ )
1− 51
9
α1 (mZ
)
4pi
ln Λ
2
m2
Z
, m
Z
< Λ ≤ mt
α1 (mt )
1− 20
3
α1 (mt )
4pi
ln Λ
2
m2
t
, m
t
< Λ ≤ Λ
NP
α1 (ΛNP )
1− 27
2
α1 (ΛNP
)
4pi
ln Λ
2
Λ2
NP
, Λ > Λ
NP
, (29)
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with α
i
= g2
i
/(4pi). Obviously there is no Landau singularity in the strong interaction
coupling α
3
as Λ > Λ
NP
, the Landau singularities for α
1,2
are approached as
Λ(1)
LS
≃ Λ
NP
exp
[ 4pi
27α
1
(Λ
NP
)
]
,
Λ(2)
LS
≃ Λ
NP
exp
[ 4pi
5α2(ΛNP )
]
. (30)
Choosing α(m
Z
) = 1/128, s2
W
(m
Z
) = 0.23, mt = 174 GeV, mZ = 91.19 GeV, ΛNP = 3 TeV,
we get Λ(1)
LS
≃ 4.7 × 1022 GeV and Λ(2)
LS
≃ 5.6 × 1037 GeV which is above the Planck scale
Λ
Planck
∼ 1019 GeV, so α1 and α2 is safe, i.e. not bothered by the singularity.
Furthermore, the Landau singularities of α
B,L
are written as
Λ(B)
LS
≃ Λ
NP
exp
[ 2pi
b
B
α
B
(Λ
NP
)
]
,
Λ(L)
LS
≃ Λ
NP
exp
[ 2pi
b
L
α
L
(Λ
NP
)
]
, (31)
with
b
B
=
9
2
[
1 + (
1
3
+B4)
2 + 2B2
4
+ 2(1 +B4)
2
]
,
b
L
=
57
2
+ 3L2
4
+ 3(1 + L4)
2. (32)
Choose B4 = L4 = 0, ΛNP = 3 TeV, gB(ΛNP ) = 0.35 and gL(ΛNP ) = 0.2, one obtains
Λ(B)
LS
≃ 3.0× 1023 GeV, Λ(L)
LS
≃ 4.9× 1030 GeV, respectively.
III. gg → Φ AND Φ→ γγ, ZZ, Zγ, WW, tt¯
It is well known for quite some while that radiative corrections modify the tree level
mass square matrix of neutral Higgs substantially in the MSSM, where the main effect
originates from one-loop diagrams involving the top quark and its scalar partners t˜1,2 [73].
In order to obtain masses of the neutral CP-even Higgs reasonably, we should include the
radiative corrections from exotic fermions and corresponding supersymmetric partners in
the our model. Then, the mass square matrix for the neutral CP-even Higgs in the basis
(H0d , H
0
u) is written as
M2even =

M211 +∆11 M212 +∆12
M212 +∆12 M
2
22 +∆22

 , (33)
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where
M211 = m
2
Z
cos2 β +m2
A0
sin2 β ,
M212 = −(m2Z +m2A0 ) sin β cos β ,
M222 = m
2
Z
sin2 β +m2
A0
cos2 β , (34)
and m
A0
stands for the pseudo-scalar Higgs mass at tree level. In this model the radia-
tive corrections originate from the MSSM sector, exotic fermions and their scalar partners
respectively:
∆11 = ∆
MSSM
11 +∆
B
11 +∆
L
11 ,
∆12 = ∆
MSSM
12 +∆
B
12 +∆
L
12 ,
∆22 = ∆
MSSM
22 +∆
B
22 +∆
L
22 . (35)
The concrete expressions for ∆MSSM11 , ∆
MSSM
12 , ∆
MSSM
22 at two-loop level can be found in
literatures [74–77], whereas the one-loop radiative corrections from the exotic quark fields to
∆B11, ∆
B
12, ∆
B
22 are formulated in Appendix A. Considered that the VEVs of scalar components
of Φˆ
L
and ϕˆ
L
can induce the TeV masses to the exotic leptons, we could choose sufficiently
small exotic lepton Yukawa couplings and then the radiative corrections from exotic lepton
fields for ∆L11, ∆
L
12, ∆
L
22 can be ignored in our following numerical computations.
One of the most stringent constraints on the parameter space of the BLMSSM is that the
mass square matrix in Eq. (33) should produce an eigenvalue around (125 GeV)2 as mass
square of the lightest neutral CP-even Higgs. The current combination of the ATLAS and
CMS data gives [67–69]:
m
h0
= 125.09± 0.24 GeV , (36)
and this requirement restricts the parameter space of the BLMSSM strongly. Besides the
observed signals for the diphoton and ZZ∗, WW ∗, bb¯ channels of the 125 GeV Higgs
obtained by the ATLAS and CMS collaborations are quantified by the ratios [61]
Rγγ =
Γ
NP
(h0 → gg)Γ
NP
(h0 → γγ)
Γ
SM
(h0 → gg)Γ
SM
(h0 → γγ) ,
RV V ∗ =
Γ
NP
(h0 → gg)Γ
NP
(h0 → V V ∗)
Γ
SM
(h0 → gg)Γ
SM
(h0 → V V ∗) , (V = Z, W ) . (37)
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The weighted averages of the ratios are [78–87]:
ATLAS + CMS : Rγγ = 1.19± 0.31 ,
ATLAS + CMS : RV V ∗ = 0.86± 0.16 . (38)
In the following numerical computations, we use the weighted averages of the ratios within
2σ tolerance to constrain the parameter space.
From Eq. (12) and Eq. (15), the masses of ‘brand new’ neutral Higgs satisfy tree-level
relations
m2
ZB
+m2
A0
B
= m2
h0
B
+m2
H0
B
,
m2
ZB
m2
A0
B
cos2 2θ
B
= m2
h0
B
m2
H0
B
,
m2
ZL
+m2
A0
L
= m2
h0
L
+m2
H0
L
,
m2
ZL
m2
A0
L
cos2 2θ
L
= m2
h0
L
m2
H0
L
. (39)
When the radiative corrections do not modified those relations drastically, there are several
particularly interesting predictions:
m
h0
B
≤ (m
A0
B
, m
ZB
) ≤ m
H0
B
,
m
h0
B
≤ min(m
A0
B
, m
ZB
)| cos 2θ
B
| ≤ m
ZB
,
m
h0
L
≤ (m
A0
L
, m
ZL
) ≤ m
H0
L
,
m
h0
L
≤ min(m
A0
L
, m
ZL
)| cos 2θ
L
| ≤ m
ZL
. (40)
It is not worth surprising because there are similar tree-level relations in the MSSM which
are modified drastically by the radiative corrections originating from large Yukawa couplings
of top and its superpartners.
Because of the Landau-Yang theorem [88, 89], the 750 GeV resonance with diphoton decay
mode cannot be interpreted as the massive gauge bosons Z
B
, Z
L
in this model. In addition,
the 750 GeV resonance generally cannot be interpreted as H0, A0 which are originated from
SU(2) doublets since we do not find the resonance in the WW , ZZ, and tt¯ channels. For
the points mentioned above, the potential candidate in the model considered here for the
750 GeV resonance is possibly one of h0B,L, H
0
B,L, A
0
B,L. Nevertheless the leading order
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contributions to Φ → gg emerge at the 3-loop level, if we took the 750 GeV resonance as
one of Φ = h0L, H
0
L, A
0
L. By the mass relations given in Eq. (40), we reasonably choose
one of Φ = h0B, A
0
B to be the 750 GeV resonance and mZB,L ≥ 1 TeV in accord with the
experimental constraint set by Z ′ searching at colliders [90].
The 750 GeV scalar is produced mainly through the gluon fusion at the LHC. In the
supersymmetric extension of the SM, the LO decay width for the process Φ → gg (Φ =
H0, h0
B
, H0
B
) is given as (see Refs. [91–95] and references therein)
Γ
NP
(Φ→ gg) = GFα
2
sm
3
Φ
64
√
2pi3
∣∣∣∑
q
g
Φqq
A1/2(xq) +
∑
q˜
g
Φq˜q˜
m2
Z
m2
q˜
A0(xq˜)
∣∣∣2 , (41)
with xa = m
2
Φ
/(4m2a). In addition, q = t, b, t4 , t5 , b4 , b5 and q˜ = t˜1,2 , b˜1,2 , U˜i, D˜i (i =
1, 2, 3, 4). The concrete expressions for g
Φtt
, g
Φbb
, g
Φt˜i t˜i
, g
Φb˜i b˜i
, (i = 1, 2) can be found in
the Refs. [57, 93], and the concrete expressions of g
Φt(i+3)t(i+3)
, g
Φb(i+3)b(i+3)
, g
ΦU˜iU˜i
, as well as
g
ΦD˜iD˜i
are collected in Appendix B.
The form factors A1/2(x), A0(x) in Eq. (41) are defined as
A1/2(x) = 2
[
x+ (x− 1)g(x)
]
/x2 ,
A0(x) = −(x− g(x))/x2 , (42)
with
g(x) =


arcsin2
√
x, x ≤ 1
−1
4
[
ln
1+
√
1−1/x
1−
√
1−1/x − ipi
]2
, x > 1 .
(43)
For the CP-odd scalar Φ = A0, A0
B
, the decay width is written as
Γ
NP
(Φ→ gg) = GFα
2
sm
3
Φ
64
√
2pi3
∣∣∣∑
q
g
Φqq
A′1/2(xq)
∣∣∣2 , (44)
with
A′1/2(x) = 2g(x)/x . (45)
In the SM, the LO contributions to the diphoton decay of Higgs are derived from the one
loop diagrams containing virtual charged gauge bosonW± or virtual top quarks. Whereas in
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the BLMSSM, the exotic fermions t4,5 , b4,5 , e4,5 together with their supersymmetric partners
contribute the corrections to the diphoton decay width of CP-even neutral scalar at LO, the
corresponding expression is written as
Γ
NP
(Φ→ γγ) = GFα
2m3
Φ
128
√
2pi3
∣∣∣∑
f
NcQ
2
f
g
Φff
A1/2(xf ) + gΦWWA1(xW)
+g
ΦH+H−
m2
W
m2
H±
A0(xH± ) +
2∑
i=1
g
Φχ+
i
χ
−
i
m
W
m
χi
A1/2(xχi )
+
∑
f˜
NcQ
2
f
g
Φf˜ f˜
m2
Z
m2
f˜
A0(x
f˜
)
∣∣∣2 , (46)
where g
h0WW
= sin(β−α), g
H0WW
= cos(β−α), and g
h0
B
WW
= g
H0
B
WW
= 0, the loop function
A1 is
A1(x) = −
[
2x2 + 3x+ 3(2x− 1)g(x)
]
/x2 . (47)
The concrete expressions for g
h0(H0)χ+
i
χ
−
i
, g
h0(H0)H+H−
and the couplings between the lightest
neutral CP-even Higgs and exotic leptons/sleptons can also be found in literature [57].
Furthermore one has g
h0
B
χ
+
i
χ
−
i
= g
H0
B
χ
+
i
χ
−
i
= 0, g
h0
B
H+H−
= g
H0
B
H+H−
= 0.
Similarly the decays Φ→ Zγ (Φ = h0, H0, h0
B
, H0
B
) are induced through loops involving
massive charged particles which couple to the scalar Φ, those corresponding decay widths
are formulated as
Γ
NP
(Φ→ Zγ) = GFα
2m3
Φ
64
√
2s2
W
pi3
(
1− m
2
Z
m2
Φ
)2∣∣∣2∑
f
NcQf
T 3L
f
− 2Q
f
s2
W
c
W
g
Φff
Ah1/2(xf , yf )
+g
ΦWW
Ah1(xW , yW) +
2c2
W
− 1
2c2
W
g
ΦH+H−
m2
W
m2
H±
Ah0(xH± , yH±)
+
2∑
i=1
∑
α=L,R
m
W
mχi
gα
Φχ+
i
χ
−
i
gβ
Zχ
+
i
χ
−
i
Ah1/2(xχi , yχi )
+
∑
f˜
NcQf
T 3L
f
−Q
f
s2
W
c
W
g
Φf˜ f˜
m2
Z
m2
f˜
Ah0(xf˜ , yf˜ )
∣∣∣2 , (48)
where y
i
= m2
Z
/(4m2
i
), and T 3L
f
= ±1/2 denotes the 3rd component of weak isospin of
corresponding matter field. For convenience the form factors are written as
Ah0(x, y) = I1(x, y) ,
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Ah1/2(x, y) = I1(x, y)− I2(x, y) ,
Ah1(x, y) = cW
{
4(3− s
2
W
c2
W
)I2(x, y) +
[
(1 + 2x)
s2
W
c2
W
− (5 + 2x)
]
I1(x, y)
}
, (49)
with
I1(x, y) = − 1
2(x− y) +
g(x)− g(y)
2(x− y)2 +
y(f(x)− f(y))
2(x− y)2 ,
I2(x, y) =
g(x)− g(y)
2(x− y) ,
f(x) =


√
x− 1 arcsin2
√
1/x, x ≤ 1
√
1−x
2
[
ln 1+
√
1−x
1−√1−x − ipi
]2
, x > 1 .
(50)
Generally the signature of this decay mode is drowned in the huge background from qq¯ →
Zγ [95, 96] and gg → Zγ [97].
The LO diphoton decay width of the CP-odd neutral scalar Φ = A0, A0
B
(Φ → γγ) is
formulated as
Γ
NP
(Φ→ γγ) = GFα
2m3
Φ
128
√
2pi3
∣∣∣∑
f
NcQ
2
f
g
Φff
A′1/2(xf ) +
2∑
i=1
g
Φχ
+
i
χ
−
i
m
W
mχi
A′1/2(xχi )
∣∣∣2 . (51)
In a similar way, we can write down the decay widths for Φ→ Zγ for Φ = A0, A0
B
as
Γ
NP
(Φ→ Zγ) = GFα
2m3
Φ
64
√
2s2
W
pi3
(
1− m
2
Z
m2
Φ
)2∣∣∣2∑
f
NcQf
T 3L
f
− 2Q
f
s2
W
c
W
g
Φff
Aa1/2(xf , yf )
+
2∑
i=1
∑
α=L,R
m
W
mχi
gα
Φχ+
i
χ
−
i
gβ
Zχ
+
i
χ
−
i
Aa1/2(xχi , yχi )
∣∣∣2 , (52)
with Aa1/2(x, y) = I2(x, y).
The neutral scalar with mass around 750 GeV would decay through the modes Φ →
ZZ, Φ→WW, Φ→ t¯t, where Z/W denote the on-shell neutral/charged electroweak gauge
bosons and the corresponding widths are: [95, 98–100]
Γ
NP
(Φ→ t¯t) = 3GFm
2
t
4
√
2pi
|g
Φtt
|2m
Φ
βp(Φ)
t
[
1 +
4α
S
3pi
∆
Φ
(βt)
]
,
Γ
NP
(Φ→WW ) = GF
8
√
2pi
m3
Φ
|g
ΦWW
|2
√
1− x
W
(1− x
W
+
3
4
x2
W
)
[
1 + 0.175
G
F
m2
Φ√
2pi2
]
,
Γ
NP
(Φ→ ZZ) = GF
16
√
2pi
m3
Φ
|g
ΦZZ
|2
√
1− x
Z
(1− x
Z
+
3
4
x2
Z
)
[
1 + 0.175
G
F
m2
Φ√
2pi2
]
, (53)
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with g
h0ZZ
= g
h0WW
, and x
V
= 4m2
V
/m2
Φ
(V =W, Z). Meanwhile the radiative corrections
∆
Φ
(β
t
) =


1
βt
A(βt) +
1
16β3
t
(3 + 34β2
t
− 13β4
t
) ln
1+βt
1−βt
+ 3
8β2
t
(7β2
t
− 1),Φ = H0, h0
B
, H0
B
1
βt
A(βt) +
1
16β3
t
(19 + 2β2
t
+ 3β4
t
) ln
1+βt
1−βt
+ 3
8β2
t
(7− β2
t
),Φ = A0, A0
B
(54)
with β2
t
= 1− 4m2
t
/m2
Φ
, p(H0) = p(h0
B
) = p(H0
B
) = 3, p(A0) = p(A0
B
) = 1, and
A(βt) = (1 + β
2
t
)
[
4Li2(
1− βt
1 + β
t
) + 2Li2(
βt − 1
1 + β
t
) + 3 ln
1− βt
1 + β
t
ln
2
1 + β
t
+2 ln
1− βt
1 + βt
ln βt
]
− 4βt ln
4β4/3
t
1− β2
t
. (55)
The loop induced couplings g
Φtt
, g
ΦZZ
, g
ΦWW
(Φ = h0
B
, H0
B
, A0
B
) are given in Appendix C.
Considering the fact that no 750 GeV diphoton excess was observed at 8 TeV run of LHC
[101, 102] but an excess shows up at 13 TeV [1, 2], we should determine that the heavy
scalar most likely is produced via gluon fusion at 13 TeV. Therefore, the observed signals
for the scalar diphoton excess at the LHC can be quantified as
µΦ13TeV = σ(gg → Φ) BR(Φ→ γγ)
= σ(gg → Φ) Γ
NP
(Φ→ γγ)/ΓtotΦ . (56)
The total decay width of Φ is
ΓtotΦ = ΓNP (Φ→ gg) + ΓNP (Φ→ γγ) + ΓNP (Φ→ Zγ)
+Γ
NP
(Φ→ ZZ) + Γ
NP
(Φ→WW ) + Γ
NP
(Φ→ t¯t) + Γother
NP
, (57)
where Γother
NP
denotes the width for other decay modes of Φ. Due that σ(gg → Φ) ∝ Γ(Φ→
gg), we could have
σ(gg → Φ) = ΓNP (Φ→ gg)
Γ
NP
(h0 → gg)σ(gg → h
0)|m
h0
≃750 GeV , (58)
where σ(gg → h0) ≈ 0.85 × 103 fb [103, 104]. The combined value of 8 and 13 TeV
measurements roughly is [5]
µexp13TeV = (4.4 ± 1.1) fb. (59)
In the following numerical calculation, we will take into account the combined experimental
value at 3σ as a simply guideline.
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IV. NUMERICAL ANALYSES
To proceed our numerical discussion, we choose relevant parameters of the SM as [90]
αs(mZ) = 0.118 , α(mZ) = 1/128 , s
2
W
(m
Z
) = 0.23 ,
mt = 174.2 GeV , mb = 4.2 GeV , mW = 80.4 GeV . (60)
As aforementioned, the most stringent constraint on the parameter space is that the 2 × 2
mass square matrix in Eq. (33) whose lightest eigenvector must be of a mass m
h0
≃ 125.09±
0.24 GeV. In order to obtain the final results satisfying this constraint, we require the tree
level mass of CP-odd Higgs m
A0
to be
m2
A0
=
m2
h0
(m2
z
−m2
h0
+∆11 +∆22)−m2z∆A +∆212 −∆11∆22
−m2
h0
+m2
z
cos2 2β +∆
B
, (61)
where
∆
A
= sin2 β∆11 + cos
2 β∆22 + sin 2β∆12 ,
∆
B
= cos2 β∆
11
+ sin2 β∆
22
+ sin 2β∆
12
. (62)
In order to avoid Landau singularities of g
B,L
below the Planck scale, we choose B
4
=
L4 = 0, gB(ΛNP ) = 0.35, gL(ΛNP ) = 0.2 with ΛNP = 3 TeV. Meanwhile we assume
m
ZB
= m
ZL
= 1 TeV to coincide with experimental data of searching additional neutral
gauge bosons in colliders [90]. As discussed above, the plausible candidates for the 750 GeV
resonance are h0
B
and A0
B
in this model. Since there is no correction from exotic leptons and
their superpartners to the diphoton channels h0
B
→ 2γ, A0
B
→ 2γ at leading order, moreover
the corrections from exotic leptons and their superpartners to h0 → 2γ are negligible if
those particle masses are of order TeVs. In view of this, we could choose tan β
L
= 2,
λ
L
= λ
E
= λ
N
= 0.5, m
L˜4,5
= m
ν˜4,5
= m
E˜4,5
= 3 TeV, Aν4,5 = Ae4,5 = 500 GeV in our
numerical analyses. In order to predict the mass of h0 falling in the range 124 GeV ≤ m
h0
≤
126 GeV, we take m
Q˜3
= 1 TeV , m
U˜3
= m
D˜3
= 2 TeV, At = 2.1 TeV, Ab = −1 TeV,
Y
d4
= Y
d5
= 0.7 Yb, and tanβ = 1.5 unless a particular specification being made.
If we interpret the 750 GeV resonance as the CP-even scalar h0
B
, we find that the signal
µ
h0
B
13TeV ≤ O(10−1 fb) through scanning the parameter space of the model, because there is
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a cancellation between corrections from exotic quarks charged 2/3 and that charged −1/3.
However the cancelation does not appear as we interpret the 750 GeV resonance as the CP-
odd scalar A0
B
with a mass around 750 GeV which can account for the signal on diphoton
excess at 750 GeV observed by the ATLAS and CMS collaborations simultaneously. Thus
we choose the CP-odd scalar A0
B
as the heavy boson and keep m
A0
B
= 750 GeV in the
following.
In CP-conserving circumstances the decay channels A0
B
→ γγ, gg are not affected by
those parameters originating from scalar quark sectors at leading order, we take the param-
eters of corresponding squarks sector as
m
Q˜4
= m
U˜4
= m
D˜4
= m
Q˜5
= m
U˜5
= m
D˜5
= 3 TeV ,
Au4 = Ad4 = Au5 = Ad5 = 100 GeV ,
A
BQ
= A
BU
= A
BD
= 1 TeV . (63)
Under our above assumptions on parameter space, we always take
m2 = 700 GeV , µB = 500 GeV , µ = −800 GeV , (64)
since those parameters affect our theoretical evaluations mildly. Then, the free parameters
affecting strongly our numerical results are
λ
Q
, λ
U
, λ
D
, tanβ, tanβ
B
, Yu4 , Yu5 . (65)
Taking Yu4 = 0.2 Yt, Yu5 = 0.4 Yt, tan β = 1.5, and tanβB = 3, we plot the signal
µ
A
B
13TeV [fb] (solid line for λU = λD = 0.3 and dashed line for λU = λD = 0.4) versus parameter
λ
Q
in Fig. 1(a), where gray area denotes the experimental permission at 3σ deviations shown
in Eq. (59). The numerical result indicates that the signal µ
A
B
13TeV is consistent with the
experimental data as 1 ≤ λ
Q
≤ 2.7 for λ
U
= λ
D
= 0.3 and 1.4 ≤ λ
Q
≤ 4 for λ
U
= λ
D
=
0.4. We can see that the signal µ
A
B
13TeV turns stronger along with increasing of λQ for the
couplings in Eq. (B5) are proportional to λ
Q
. On the contrary, the signal µ
A
B
13TeV turns smaller
along with increasing of λ
U,D
since the mass of the lightest vector-like quark charged 2/3 is
proportional to λ
U
, and that of the lightest vector-like quark charged −1/3 is proportional
to λ
D
, respectively. In Fig. 1(b), we show the signal strength of the 125 GeV Higgs Rγγ
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FIG. 1: As Yu4 = 0.2 Yt, Yu5 = 0.4 Yt, tan β = 1.5, and tan βB = 3, (a) µ
A
B
13TeV [fb] (solid line for
λ
U
= λ
D
= 0.3 and dashed line for λ
U
= λ
D
= 0.4) varies with the parameter λ
Q
where gray area
denotes the experimental permission at 3σ deviations in Eq. (59), (b) Rγγ (for λU = λD = 0.3)
varies with the parameter λ
Q
where gray area denotes the experimental permission at 2σ deviations
in Eq. (38), respectively.
varying with the parameter λ
Q
for λ
U
= λ
D
= 0.3, where gray area denotes the experimental
permission at 2σ deviations in Eq. (38). We can see that the signal strength Rγγ is gentle
with increasing of λ
Q
. The results indicate that the signal strength Rγγ is consistent with
the experimental data. Similarly the signal strength RV V ∗ can also fit the experimental data
in Eq. (38). The numerical results implicate that the signal strength Rγγ also depends on
the parameters λ
U
and λ
D
mildly, actually the theoretical evaluations on Rγγ varying with
the parameter λ
Q
for λ
U
= λ
D
= 0.4 almost overlap with that for λ
U
= λ
D
= 0.3.
In addition, the ATLAS and CMS collaborations showed that in Run I stage no significant
excesses were observed in the channels of 750 GeV Higgs decaying into ZZ [105], WW
[106, 107] and Zγ [108]. As generally believed, gluon fusion is responsible for the production
of the Higgs boson which later may decay into those final states, thus the data of LHC at 8
TeV set upper bounds on the ratios as [6]
Γ(Φ→ Zγ)
Γ(Φ→ γγ) < 2 ,
Γ(Φ→ ZZ)
Γ(Φ→ γγ) < 6 ,
Γ(Φ→WW )
Γ(Φ→ γγ) < 20 . (66)
In the chosen parameter space of the BLMSSM model, A0
B
→ ZZ(WW ) appears at one-loop
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FIG. 2: As Yu4 = 0.2 Yt, Yu5 = 0.4 Yt, λQ = 2, and tan βB = 3, (a) µ
A
B
13TeV (solid line for λU = λD =
0.3 and dashed line for λ
U
= λ
D
= 0.4) varies with the parameter tan β where gray area denotes
the experimental permission at 3σ deviations in Eq. (59), and (b) Rγγ (for λU = λD = 0.3) varies
with the parameter tan β where gray area denotes the experimental permission at 2σ deviations in
Eq. (38), respectively.
level and we have obtained the relevant ratios as
Γ(A0
B
→ Zγ)
Γ(A0
B
→ γγ) ∼ O(10
−1),
Γ(A0
B
→ ZZ)
Γ(A0
B
→ γγ) ∼ O(10
−1),
Γ(A0
B
→WW )
Γ(A0
B
→ γγ) ∼ O(1), (67)
which confirm the bounds presented in Eq. (66). In this model, the decay mode Γ
NP
(A0
B
→
tt¯) can only occur via two-loop diagrams, so its rate is smaller than the width of diphoton
channel. Since, as generally expected, the 750 GeV resonance is produced via gluon fusion,
there is a large probability it would decay into two gluons which turn into di-jet. In this
work, the numerical result indicates that Γ(A0
B
→ gg)/Γ(A0
B
→ γγ) ∼ O(102) < 1300, which
accommodates the di-jet research at Run I [6, 109, 110].
Besides the parameter λ
Q
, the parameter tanβ existing in the MSSM also affects our
numerical evaluations strongly. Choosing Yu4 = 0.2 Yt, Yu5 = 0.4 Yt, λQ = 2, and tanβB =
3, we depict in Fig. 2(a) the signal µ
A
B
13TeV (solid line for λU = λD = 0.3 and dashed line for
λ
U
= λ
D
= 0.4) versus tanβ where gray area denotes the experimental permission at 3σ
deviations in Eq. (59), and Fig. 2(b) the signal strength Rγγ (for λU = λD = 0.3) versus
tan β where gray area denotes the experimental permission at 2σ deviations in Eq. (38),
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FIG. 3: As Yu4 = 0.2 Yt, Yu5 = 0.4 Yt, tan β = 1.5, and λQ = 2, (a) µ
A
B
13TeV (solid line for
λ
U
= λ
D
= 0.3 and dashed line for λ
U
= λ
D
= 0.4) varies with the parameter tan β
B
where
gray area denotes the experimental permission at 3σ deviations in Eq. (59), and (b) Rγγ (for
λ
U
= λ
D
= 0.3) varies with the parameter tan β
B
where gray area denotes the experimental
permission at 2σ deviations in Eq. (38), respectively.
respectively. Fig. 2(a) shows that the signal µ
A
B
13TeV turns large as tan β increasing. When
the parameter tanβ > 3.1 as λ
U
= λ
D
= 0.3, the signal µ
A
B
13TeV exceeds the upper bound. For
λ
U
= λ
D
= 0.4, the signal µ
A
B
13TeV is coincide with the experimental data at 3σ deviations.
With increasing of tan β, the signal strength Rγγ decreases. As tanβ > 2.5 and λU =
λ
D
= 0.3, we cannot account for the experimental results for the signal strength of the 125
GeV Higgs Rγγ , showed in Fig. 2(b). In other words, the simultaneous interpretation of
experimental data on the decays of the heavy scalar with 750 GeV and the lightest Higgs
with 125 GeV similarly favors relatively small value of tanβ under our assumptions on the
parameter space.
Additional the parameter tan β
B
in this model also affects our numerical results strongly.
In Fig. 3, we investigate (a) the signal strength µ
A
B
13TeV (solid line for λU = λD = 0.3 and
dashed line for λ
U
= λ
D
= 0.4) and (b) the signal strength Rγγ (for λU = λD = 0.3) varying
with the parameter tan β
B
, where Y
u4
= 0.2 Yt, Yu5 = 0.4 Yt, tanβ = 1.5, and λQ = 2. It
is seen that the signal strength µ
A
B
13TeV decreases steeply as tan βB < 2, and decreases mildly
as tanβ
B
< 3. As for the signal strength Rγγ varies with tanβB slowly.
22
0.1 0.2 0.3 0.4 0.5
0
2
4
6
8
10
HaL Yu4Yt
Μ
13
Te
V
A B
@fb
D
0.1 0.2 0.3 0.4 0.5
0.0
0.5
1.0
1.5
2.0
HbL Yu4Yt
R Γ
Γ
FIG. 4: As λ
U
= λ
D
= 0.3, λ
Q
= 2, tan β = 1.5, and tan β
B
= 3, (a) µ
A
B
13TeV varies with the
parameter Yu4 where gray area denotes the experimental permission at 3σ deviations in Eq. (59),
and (b) Rγγ varies with the parameter Yu4 where gray area denotes the experimental permission
at 2σ deviations in Eq. (38), respectively. Here, the dashed line stands for Yu5 = 0.4 Yt, the solid
line stands for Yu5 = 0.6 Yt.
At the last, we investigate the Yukawa couplings of the fourth and fifth generation up-
type quark Yu4,5 in Fig. 4. Taking λU = λD = 0.3, λQ = 2, tanβ = 1.5 and tanβB = 3,
we plot the signal strength µ
A
B
13TeV versus Yu4 in (a) and the signal strength Rγγ vs Yu4 in
(b) of Fig. 4, where the dashed line stands for Y
u5
= 0.4 Yt and the solid line stands for
Yu5 = 0.6 Yt, respectively. With increasing of Yu4 , the signal strength µ
A
B
13TeV turns stronger,
on the other hand the signal strength Rγγ turns small. In other words the large Yukawa
couplings Yu5 affects our numerical evaluations on the signal strength µ
A
B
13TeV and the signal
strength Rγγ simultaneously.
V. SUMMARY
The discovery of 750 GeV boson at the diphoton channel is very inspiring because it
may be a signal for new physics BSM. People are excited and tempted to try various models
in hand to investigate the case and see if the model with a ceratin parameter range can give
a reasonable interpretation. We argue that an extension of the supersymmetric model with
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gauged baryon and lepton numbers might be able to account for the experimental data on
750 GeV diphoton excess reported by ATLAS and CMS recently based on its success in
earlier phenomenological studies.
Indeed, even though the 750 GeV boson is observed in the diphoton channel as a res-
onance, there are still many puzzles about its eccentric behaviors are not well understood
yet. The first challenge is its unusually large width about 45 GeV reported by ATLAS while
CMS shows that it could be small. And it is also reported that this resonance is not seen
at the WW, ZZ, and tt¯ channels. It implies that it has some decay channels which are not
experimental observed yet, secondly, its coupling to the regular SM particles must be very
suppressed, or just as the diphoton channel the effective coupling to SM particles is realized
via loops inside which only heavy BSM particles exist.
In this BLMSSM, because the scalar h0
L
, H0
L
, A0
L
do not have couplings to the exotic
quarks at tree level, they can be ruled out for being a candidate of the scalar particle of
m
Φ
= 750 GeV observed at the diphoton channel. The contribution of H0, A0 and h0
B
to the diphoton decay widths is too small to be responsible for the diphoton excess even
though their mass were 750 GeV. By contrary, adopting an assumption on the relevant
parameter space, the CP-odd scalar A0
B
with 750 GeV mass in this model can account for
the experimental data on the heavy scalar diphoton resonance observed by the ATLAS and
CMS collaborations naturally. Simultaneously, this supersymmetric model can fit the 125
GeV Higgs data determined by the earlier run I at the LHC.
It is proposed that besides the diphoton channel the main decay portals are not to the
SM particles, at least not at the tree level, instead, it may decay into dark matter which is
BSM particles. Moreover, if the new physics scale is indeed at TeV, we have all reasons to
expect observing more resonances (charged and neutral) with some strange behaviors which
cannot be understood in the framework of the SM.
No doubt, the discovery of the diphoton excess at 750 GeV and confirmation of the 750
GeV resonance is a great breakthrough, but it is necessary to put more efforts to investigate
relevant physics. If eventually the 750 GeV is firmly identified as a genuine particle which
definitely is a BSM boson, a new world will be opened in front of us, especially, the project to
build up the SPPC of 50∼100 TeV in China should be more favorable and we are expecting
24
the new spring of high energy physics to come soon.
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Appendix A: The radiative corrections to the mass squared matrix from exotic
quark fields
The one-loop radiative corrections from exotic quark fields are formulated as [111–119]
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Y 4
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here υ =
√
υ2
u
+ υ2
d
≃ 246 GeV and
g(x, y) = 1− x
2 + y2
x2 − y2 ln
x
y
. (A4)
To derive the results presented above, we adopt the appropriate assumptions
|λ
Q
υ
B
|, |λ
U
υ
B
|, |λ
D
υ
B
| ≫ |Yu4υ|, |Yu5υ|, |Yd4υ|, |Yd5υ| in our calculation.
Appendix B: The couplings between heavy Higgs and exotic quarks/squarks
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Here, we adopt the abbreviation s
W
≡ sin θ
W
with θ
W
being the Weinberg angle. Fur-
thermore, e is the electromagnetic coupling constant, and the concrete expressions of
ξS
uii
, ξS
dii
, ηS
uii
, ηS
dii
can be found in Ref. [61].
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Appendix C: The loop induced couplings
The loop induced couplings g
ΦZZ
, g
ΦWW
(Φ = h0
B
, H0
B
, A0
B
) are written as
g
h0
B
WW
=
eYu4λQυu
4(4pi)2s
W
m
W
sinα
B
(11
6
+ ln
λ2
Q
υ2
B
Λ2
NP
)
+
eYu5λUυd
4(4pi)2s
W
m
W
cosα
B
(11
6
+ ln
λ2
U
υ¯2
B
Λ2
NP
)
+
eY
d4
λ
Q
υ
d
4(4pi)2s
W
m
W
sinα
B
(11
6
+ ln
λ2
Q
υ2
B
Λ2
NP
)
+
eY
d5
λ
D
υ
u
4(4pi)2s
W
m
W
cosα
B
(11
6
+ ln
λ2
D
υ¯2
B
Λ2
NP
)
− B4eg
2
B
4(4pi)2s
W
m
W
(υ
B
sinα
B
+ υ¯
B
cosα
B
)
(
2 + ln
m2
Q˜4
Λ2
NP
)
+
(1 +B4)eg
2
B
4(4pi)2s
W
m
W
(υ
B
sinα
B
+ υ¯
B
cosα
B
)
(
2 + ln
m2
Q˜5
Λ2
NP
)
, (C1)
g
h0
B
ZZ
=
eY
u4
λ
Q
υ
u
36(4pi)2s
W
c
W
m
Z
(3− 4s2
W
)2 sinα
B
(11
6
+ ln
λ2
Q
υ2
B
Λ2
NP
)
+
eYu5λUυd
36(4pi)2s
W
c
W
m
Z
(3− 4s2
W
)2 cosα
B
(11
6
+ ln
λ2
U
υ¯2
B
Λ2
NP
)
+
eY
d4
λ
Q
υ
d
36(4pi)2s
W
c
W
m
Z
(3− 2s2
W
)2 sinα
B
(11
6
+ ln
λ2
Q
υ2
B
Λ2
NP
)
+
eY
d5
λ
D
υu
36(4pi)2s
W
c
W
m
Z
(3− 2s2
W
)2 cosα
B
(11
6
+ ln
λ2
D
υ¯2
B
Λ2
NP
)
− B4eg
2
B
4(4pi)2s
W
c
W
m
Z
(2− 4s2
W
+
20
9
s4
W
)(υ
B
sinα
B
+υ¯
B
cosα
B
)
(
2 + ln
m2
Q˜4
Λ2
NP
)
+
(1 +B4)eg
2
B
4(4pi)2s
W
c
W
m
Z
(2− 4s2
W
+
20
9
s4
W
)(υ
B
sinα
B
+υ¯
B
cosα
B
)
(
2 + ln
m2
Q˜5
Λ2
NP
)
+
4B4eg
2
B
s3
W
9(4pi)2c
W
m
Z
(υ
B
sinα
B
+ υ¯
B
cosα
B
)
(
2 + ln
m2
U˜4
Λ2
NP
)
28
+
B4eg
2
B
s3
W
9(4pi)2c
W
m
Z
(υ
B
sinα
B
+ υ¯
B
cosα
B
)
(
2 + ln
m2
D˜4
Λ2
NP
)
−4(1 +B4)eg
2
B
s3
W
9(4pi)2c
W
m
Z
(υ
B
sinα
B
+ υ¯
B
cosα
B
)
(
2 + ln
m2
U˜5
Λ2
NP
)
−(1 +B4)eg
2
B
s3
W
9(4pi)2c
W
m
Z
(υ
B
sinα
B
+ υ¯
B
cosα
B
)
(
2 + ln
m2
D˜5
Λ2
NP
)
, (C2)
g
H0
B
WW
= g
h0
B
WW
(sinα
B
→ − cosα
B
, cosα
B
→ sinα
B
) , (C3)
g
H0
B
ZZ
= g
h0
B
ZZ
(sinα
B
→ − cosα
B
, cosα
B
→ sinα
B
) , (C4)
g
A0
B
WW
=
ieYu4λQυu
4(4pi)2s
W
m
W
sin β
B
(11
6
+ ln
λ2
Q
υ2
B
Λ2
NP
)
+
ieY
u5
λ
U
υ
d
4(4pi)2s
W
m
W
cos β
B
(11
6
+ ln
λ2
U
υ¯2
B
Λ2
NP
)
+
ieY
d4
λ
Q
υ
d
4(4pi)2s
W
m
W
sin β
B
(11
6
+ ln
λ2
Q
υ2
B
Λ2
NP
)
+
ieY
d5
λ
D
υu
4(4pi)2s
W
m
W
cos β
B
(11
6
+ ln
λ2
D
υ¯2
B
Λ2
NP
)
, (C5)
g
A0
B
ZZ
=
ieYu4λQυu
36(4pi)2s
W
c
W
m
Z
(3− 4s2
W
)2 sin β
B
(11
6
+ ln
λ2
Q
υ2
B
Λ2
NP
)
+
ieYu5λUυd
36(4pi)2s
W
c
W
m
Z
(3− 4s2
W
)2 cos β
B
(11
6
+ ln
λ2
U
υ¯2
B
Λ2
NP
)
+
ieY
d4
λ
Q
υ
d
36(4pi)2s
W
c
W
m
Z
(3− 2s2
W
)2 sin β
B
(11
6
+ ln
λ2
Q
υ2
B
Λ2
NP
)
+
ieY
d5
λ
D
υu
36(4pi)2s
W
c
W
m
Z
(3− 2s2
W
)2 cos β
B
(11
6
+ ln
λ2
D
υ¯2
B
Λ2
NP
)
. (C6)
[1] ATLAS collaboration, ATLAS-CONF-2015-081, Search for resonances decaying to photon
pairs in 3.2 fb−1 of pp collisions at ps = 13TeV with the ATLAS detector.
[2] CMS collaboration, CMS PAS EXO-15-004, Search for new physics in high mass diphoton
events in proton-proton collisions at 13TeV.
[3] K. Harigaya and Y. Nomura, arXiv:1512.04850.
[4] Y. Nakai, R. Sato, K. Tobioka, arXiv:1512.04924.
29
[5] D. Buttazzo, A. Greljo and D. Marzoccaa, arXiv:1512.04929.
[6] R. Franceschini, G.F. Giudice, J.F. Kamenik et al., arXiv:1512.04933.
[7] S.D. McDermott, P. Meade and H. Ramani, arXiv:1512.05326.
[8] A. Pilaftsis, arXiv:1512.04931.
[9] J. Ellis, S.A.R. Ellis, J. Quevillon, et al., arXiv:1512.05327.
[10] A. Angelescu, A. Djouadi and G. Moreau, arXiv:1512.04921.
[11] Y. Mambrini, G. Arcadi and A. Djouadi, arXiv:1512.04913.
[12] M. Backovic, A. Mariottiy, and D. Redigoloz, arXiv:1512.04917.
[13] S. Knapen, T. Melia, M. Papucci, and K. M. Zurek, arXiv:1512.04928.
[14] S.D. Chiara, L. Marzola, and M. Raidal, arXiv:1512.04939.
[15] M. Low, A. Tesi and Lian-Tao Wang, arXiv:1512.05328.
[16] B. Bellazzini, R. Franceschini, F. Sala, J. Serra, arXiv:1512.05330.
[17] R.S. Gupta, S. Jager, Y. Kats, et al., arXiv:1512.05332.
[18] C. Petersson, arXiv:1512.05333.
[19] E. Molinaro, F. Sannino, and N. Vignaroli, arXiv:1512.05334.
[20] B. Dutta, Y. Gao, T. Ghosh, et al., arXiv:1512.05439.
[21] Q.H. Cao, Y.D. Liu, K.P. Xie, et al., arXiv:1512.05542.
[22] S. Matsuzaki, K. Yamawaki, arXiv:1512.05564.
[23] A. Kobakhidze, F. Wang, L. Wu, et al., arXiv:1512.05585.
[24] R. Martinez, F. Ochoa, C.F. Sierra, arXiv:1512.05617.
[25] P. Cox, A.D. Medina, T.S. Ray, A. Spray, arXiv:1512.05618.
[26] D. Becirevic, E. Bertuzzo, O. Sumensari, R.Z. Funchal, arXiv:1512.05623.
[27] P. Fayet, arXiv:1512.05628.
[28] J.M. No, V. Sanz, J. Setford, arXiv:1512.05700.
[29] S.V. Demidov, D.S. Gorbunov, arXiv:1512.05723.
[30] W. Chao, R. Huo, J.H. Yu, arXiv:1512.05738.
[31] S. Fichet, G.V. Gersdorff, C. Royon, arXiv:1512.05751.
[32] D. Curtin, C.B. Verhaaren, arXiv:1512.05753.
[33] L.G. Bian, N. Chen, D. Liu, J. Shu, arXiv:1512.05759.
30
[34] J. Chakrabortty, A. Choudhury, P. Ghosh, et al., arXiv:1512.05767.
[35] A. Ahmed, B.M. Dillon, B. Grzadkowski, et al., arXiv:1512.05771.
[36] P. Agrawal, J.J. Fan, B. Heidenreich, et al., arXiv:1512.05775.
[37] C. Csaki, J. Hubisz, J. Terning, arXiv:1512.05776.
[38] A. Falkowski, O. Slone, T. Volansky, arXiv:1512.05777.
[39] D. Aloni, K. Blum, A. Dery, et al., arXiv:1512.05778.
[40] Y. Bai, J. Berger, R. Lu, arXiv:1512.05779.
[41] A. Alves, A. G. Dias and K. Sinha, arXiv:1512.06091.
[42] H. E. Haber and G. L. Kane, Phys. Rep. 117 (1985) 75.
[43] J. Rosiek, Phys. Rev. D 41 (1990) 3464.
[44] P. Minkoski, Phys. Lett. B 67 (1977) 421.
[45] T. Yanagida, in Proceedings of the Workshop on the Unified Theory and the Baryon Number
in the Universe, edited by O. Sawada et.al. (KEK, Tsukuba, 1979), p. 95.
[46] M. Gell-Mann, P. Ramond, and R. Slansky, in Supergravity, edited by P. van Nieuwenhuizen
et.al. (North-Holland, Amsterdam, 1979), p315.
[47] S. L. Glashow, in Quarks and Leptons, Carge´se, edited by M. Le´vy et.al. (Plenum, New York,
1980), p707.
[48] R. N. Mohapatra and G. Senjanovic, Phys. Rev. Lett. 44 (1980) 912.
[49] R. Foot, G. C. Joshi, and H. Lew, Phys. Rev. D 40 (1989) 2487.
[50] P. Fileviez Perez and M. B. Wise, Phys. Rev. D 82 (2010) 011901 [Erratum-ibid. D 82 (2010)
079901].
[51] P. Nath, and P. F. Perez, Phys. Rep. 441 (2007) 191.
[52] P. Fileviez Perez and S. Spinner, Phys. Lett. B 673 (2009) 251.
[53] V. Barger, P. Fileviez Perez, and S. Spinner, Phys. Rev. Lett. 102 (2009) 181802.
[54] P. Fileviez Perez and S. Spinner, Phys. Rev. D 80 (2009) 015004.
[55] P. Fileviez Perez and S. Spinner, JHEP 04 (2012) 118.
[56] P. Fileviez Perez, Phys. Lett. B 711 (2012) 353.
[57] J. M. Arnold, P. Fileviez Perez, B. Fornal, and S. Spinner, Phys. Rev. D 85 (2012) 115024.
[58] P. Fileviez Perez and M. B. Wise, JHEP 08 (2011) 068.
31
[59] P. Fileviez Perez and M. B. Wise, Phys. Rev. D 84 (2011) 055015.
[60] T. R. Dulaney, P. F. Perez and M. B. Wise, Phys. Rev. D 83 (2011) 023520.
[61] T.-F. Feng, S.-M. Zhao, H.-B. Zhang, Y.-J. Zhang, and Y.-L. Yan, Nucl. Phys. B 871 (2013)
223-244.
[62] S.-M. Zhao, T.-F. Feng, B. Yan, H.-B. Zhang, Y.-J. Zhang, B. Chen, and X.-Q. Li, JHEP
10 (2013) 020.
[63] S.-M. Zhao, T.-F. Feng, H.-B. Zhang, B. Yan, and X.-J. Zhan, JHEP 11 (2014) 119.
[64] F. Sun, T.-F. Feng, S.-M. Zhao, H.-B. Zhang, T.-J. Gao, Nucl. Phys. B 888 (2014) 30-51.
[65] S.-M. Zhao, T.-F. Feng, X.-J. Zhan, H.-B. Zhang, and B. Yan, JHEP 07 (2015) 124.
[66] S.-M. Zhao, T.-F. Feng, H.-B. Zhang, X.-J. Zhan, Y.-J. Zhang, and B. Yan, Phys. Rev. D
92 (2015) 115016.
[67] ATLAS collaboration, Phys. Lett. B 716 (2012) 1.
[68] CMS collaboration, Phys. Lett. B 716 (2012) 30.
[69] G. Aad et al. [ATLAS and CMS collaborations], Phys. Rev. Lett. 114 (2015) 191803,
arXiv:1503.07589.
[70] T.-P. Cheng, E. Eichten, and L.-F. Li, Phys. Rev. D 9 (1974) 2259.
[71] P. Langacker, Phys. Rep. 72 (1981) 185.
[72] H. E. Haber, and R. Hempfling, Phys. Rev. D 48 (1993) 4280.
[73] H. E. Haber, R. Hempfling, Phys. Rev. Lett. 66 (1991) 1815.
[74] S. Heinemeyer, W. Hollik and G. Weiglein, Comput. Phys. Commun. 124 (2000) 76.
[75] S. Heinemeyer, W. Hollik and G. Weiglein, Eur. Phys. J. C 9 (1999) 343.
[76] G. Degrassi, S. Heinemeyer, W. Hollik, P. Slavich and G. Weiglein, Eur. Phys. J. C 28 (2003)
133.
[77] M. Frank, T. Hahn, S. Heinemeyer, W. Hollik, H. Rzehak and G. Weiglein, JHEP 02 (2007)
047.
[78] CMS collaboration, CMS-PAS-HIG-2012-004.
[79] CMS collaboration, CMS-PAS-HIG-2012-044.
[80] ATLAS collaboration, ATLAS-CONF-2012-161.
[81] ATLAS collaboration, ATLAS-CONF-2013-012.
32
[82] CMS collaboration, CMS-PAS-HIG-13-001.
[83] ATLAS collaboration, ATLAS-CONF-2013-013.
[84] CMS collaboration, CMS-PAS-HIG-13-002.
[85] ATLAS collaboration, ATLAS-CONF-2013-030.
[86] CMS collaboration, CMS-PAS-HIG-13-003.
[87] H.-B. Zhang, T.-F. Feng, F. Sun, K.-S. Sun, J.-B. Chen, and S.-M. Zhao, Phys. Rev. D 89
(2014) 115007, arXiv:1307.3607.
[88] L. D. Landau, Dokl. Akad. Nauk. Ser. Fiz. 60 (1948) 207.
[89] C. N. Yang, Phys. Rev. 77 (1950) 242.
[90] K. A. Olive et al. [Particle Data Group], Chin. Phys. C 38 (2014) 090001.
[91] J. R. Ellis, M. K. Gaillard and D. V. Nanopoulos, Nucl. Phys. B 106 (1976) 292.
[92] M. A. Shifman, A. I. Vainshtein, M. B. Voloshin and V. I. Zakharov, Sov. J. Nucl. Phys. 30
(1979) 711.
[93] A. Djouadi, Phys. Rept. 459 (2008) 1.
[94] M. Carena, I. Low and C. E. M. Wagner, JHEP 08 (2012) 060, arXiv:1206.1082.
[95] J. F. Gunion, H. E. Haber, G. L. Kane and S. Dawson, Front. Phys. 80 (2000) 1-448.
[96] J. F. Gunion, G. L. Kane, and J. Wudka, Nucl. Phys. B 299 (1988) 231.
[97] J. J. van der Bij and E. W. N. Glover, Phys. Lett. B 206 (1988) 701.
[98] W.-Y. Keung, W. J. Marciano, Phys. Rev. D 30 (1984) 248.
[99] W. Bernreuther, P. Gonzalez, M. Wiebusch, Eur. Phys. J. C 69 (2010) 31.
[100] P. Gonza´leza, S. Palmerb, M. Wiebuschc, K. Williamsd, Eur. Phys. J. C 73 (2013) 2367,
arXiv:1211.3079.
[101] CMS collaboration, CMS-PAS-HIG-14-006.
[102] G. Aad et al. [ATLAS collaboration], Phys. Rev. D 92 (2015) 032004, arXiv:1504.05511.
[103] A. Djouadi et al., Eur. Phys. J. C 73 (2013) 2650.
[104] A. Djouadi et al., JHEP 06 (2015) 168.
[105] ATLAS collaboration, arXiv:1507.05930.
[106] CMS collaboration, arXiv:1504.00936.
[107] ATLAS collaboration, arXiv:1509.00389.
33
[108] ATLAS Collaboration, arXiv:1407.8150.
[109] CMS Collaboration, CMS-PAS-EXO-14-005.
[110] ATLAS Collaboration, Phys. Rev. D 91 (2015) 052007, arXiv:1407.1376.
[111] Y. Okada, M. Yamaguchi and T. Yanagida, Prog. Theor. Phys. 85 (1991) 1.
[112] J. R. Ellis, G. Ridolfi and F. Zwirner, Phys. Lett. B 257 (1991) 83.
[113] J. R. Ellis, G. Ridolfi and F. Zwirner, Phys. Lett. B 262 (1991) 477.
[114] S. P. Li and M. Sher, Phys. Lett. B 140 (1984) 33.
[115] R. Barbieri and M. Frigeni, Phys. Lett. B 258 (1991) 395.
[116] M. Drees and M. M. Nojiri, Phys. Rev. D 45 (1992) 2482.
[117] J. A. Casas, J. R. Espinosa, M. Quiros and A. Riotto, Nucl. Phys. B 436 (1995) 3 [Erratum-
ibid. B 439 (1995) 466].
[118] M. A. Diaz and H. E. Haber, Phys. Rev. D 46 (1992) 3086.
[119] M. S. Carena, M. Quiros and C. E. M. Wagner, Nucl. Phys. B 461 (1996) 407.
34
